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Introduction 
This paper addresses the creation and evaluation of a North Carolina Stormwater 
Fee dashboard for UNC’s Environmental Finance Center. Stormwater programs are a 
fundamental part of livable cities, though they are difficult to finance due to their 
complexity and cost. While traditional utility fees like water and electricity provision are 
easily explainable to consumers, stormwater services are multiplex, including services 
like storm drainage, water quality, mitigation of land-use impacts, floodplain 
management, and open space amenities (Grigg, 2013). The multifaceted nature of 
stormwater programs makes them difficult for policy makers to define and implement, 
which can hinder their creation at all.  
UNC’s Environmental Finance Center (EFC) has long been a leader in water and 
wastewater finance expertise, working on a variety of projects including their Water and 
Wastewater Rates Dashboard. The dashboard, available for 17 states, assists local 
governments and utilities in the rate setting and fee collection process with the ability to 
assess their financial health based on different comparison groups. A similar process has 
followed for the creation of a Stormwater Fee Dashboard, though there has been 
inconsistency with design, comparison groups, and functionality of the dashboard. With 
three distinct versions currently hosted on the EFC website, there is no standard for the 
dashboard moving forward. Additionally, there has been no usability testing of feedback 
from primary users on the desired functionality, adding to the design issues. 
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There is a gap in literature for the use of visual analytics in environmental finance 
decision making, which this paper will make an initial contribution in bridging. This 
project resulted in a Stormwater Fee Dashboard for the EFC that has been created with a 
user-centered design, building on the framework and theory of prior visual analytic 
research. The dashboard has been tested to determine which features will assist finance 
teams at stormwater utilities most, establishing version control for the EFC moving 
forward. Upon release, the dashboard will ultimately help local governments and utilities 
regulate or begin the fee setting process for their programs, helping to resolve issues of 
uncertainty and complexity in the process.
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Literature Review 
In approaching this paper, I looked to find studies that detailed similar projects of 
water/wastewater/stormwater finance visualizations. Franceschini (2011) integrates 
dashboards into water and sewer services, which is the crossover that is difficult to find in 
literature. The Environmental Finance Center is the most extensive source of 
environmental finance visualizations in the country, and this paper will serve as a starting 
point for bridging the gap in literature. Instead of exploring what little literature exists in 
this niche, I will look more broadly at visual analytics literature, interactive dashboard 
literature, and usability study literature.  
1.1.1 Visual Analytics Frameworks 
Framework and theory is important to root the stormwater dashboard in 
researched principles of visualizations. Shneiderman (1996) is a foundational article, 
which coined the well-known mantra of “Overview first, zoom and filter, then details on 
demand.” This is described as the best starting place for advanced graphical user 
interfaces, and explains the way they should be constructed. Shneiderman also details the 
seven tasks a visualization should support. Overview, for a view of the entire collection; 
zoom, for close-ups of items of interest; filter, for removing irrelevant items; details-on-
demand, for viewing details when relevant; relate, for comparing items; history, for 
progressive refinement; and extract, for allowing for sub-collections (Shneiderman, 
1996).
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Zhou (1998) also provides important theoretical framework for describing high-
level visual tasks. There are tasks that help the presenter inform the user, and tasks that 
help the user explore on their own. The stormwater dashboard employs both tasks, and I 
designed it with Shneiderman’s more specific tasks in mind.  
Chuah (1996) focuses on the interactive techniques available for information 
visualization. His framework uses the term basic visualization interaction (BVI). A BVI 
is further classified by whether it is a user input or it is a fixed state provided by the 
interface designer. In addition to creating a framework for visualization interactions, 
Chuah establishes different input classes for BVI’s. Attributes are chosen by users, and 
can be one of three types: graphic (color, shape, etc.); data (house address, house price, 
etc.); or state (e.g. number of graphical elements). A control object is essentially how a 
user interacts with attributes. A slider selector is an easy example of this. Chuah also 
discusses formulas, which define relationships between multiple variables. These are 
typically predefined by the designer of the interface. Though Chuah’s work was 
published in the late 90’s, it is relevant to the way Tableau functions as a tool. In creating 
the stormwater dashboard, I worked with attributes, assigned control objects, and created 
many different formulas and parameters to connect data behind-the-scenes from users.  
Amar (2005) states that: “Too often, successful decision-making and analysis are 
more a matter of serendipity and user experience than of intentional design and specific 
support for such tasks; although humans have considerable abilities in analyzing 
relationships from data, the utility of visualizations remains relatively variable across 
users, data sets, and domains.” This is precisely why I believe in usability testing for the 
stormwater dashboard; the utility of the EFC’s dashboards have been unknown and most 
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likely variable across users. This study is the first step in creating intentional design 
based on feedback from tasks. 
1.1.2 Dashboards and Interactive Maps 
Roth (2013) discusses the field of cartographic interaction, which is defined as the 
dialog between a human and a map, mediated through a computing device. Although the 
stormwater dashboard is not solely a cartographic tool, the map function is a key 
component of the design. Roth discusses many aspects of interactive cartography, and in 
this introduces the concept of the productivity paradox when considering how complex a 
map should be in its possible interactions. The idea here is that having too many possible 
operators can become overwhelming, and that by permitting a small set of possible 
interaction strategies, workflow can be optimized. I took this simplistic approach to 
designing the stormwater dashboard and thinking about user interaction flexibility. I did 
not want users to be inhibited by the complexity of the dashboard, and each of the 
participants in the study remarked how they appreciated the neat and streamlined design.  
Poplin (2015) introduces the question of usability in interactive maps, which 
broaches the question I sought to answer in this study. As Poplin says, “the usability of a 
system can be measured only by taking into account context of its use,” which indicates 
the value of working with members of the primary user group. In the case of the 
stormwater dashboard, domain experts were incredibly valuable for garnering useful 
feedback. Poplin also provides an easy explanation of usability testing: “sometimes 
referred to as usability assessment, usability inspection, or user testing, allows a small 
sample size, typically between 3 to 10 participants.” The author also states the merits of 
testing in a realistic setting. The Nielsen Norman Group confirms this notion, stating that 
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“the best results come from testing no more than five users.” (Nielsen, 2000). For my 
study, I used a small sample size of three participants, and conducted the tests at their 
places of work, which replicated the real-world aspect of their exploration of the 
dashboard. 
Orlando (2018) discusses the value of testing when developing a dashboard for 
heterogeneous stakeholders. It’s important to have that hands-on testing to understand 
whether or not the dashboard actually meets all of their needs. This is important to keep 
in mind for future testing of the stormwater dashboard; for the purposes of this Master’s 
paper, I only tested with the primary user group, which is stormwater utility members. 
However, there are secondary and tertiary user groups who were not included in the 
evaluation. Orlando discusses different needs when accounting for multiple stakeholder 
groups, such as establishing KPI’s and mapping different user needs to dashboard 
features and use cases. This is something to keep in mind as future work for the 
stormwater dashboard. 
1.1.3 Usability Testing 
In thinking about usability testing, it’s first important to have a functional 
definition of the process. Rubin (2008) describes it as “a process that employs people as 
testing participants who are representative of the target audience to evaluate the degree to 
which a product meets specific usability criteria.” This was a foundational element of my 
study, as evaluation of dashboards at the Environmental Finance Center has historically 
been done in-house by individuals who help create them. As the Nielsen Norman Group 
states, “business priorities often lack the reality of user needs and decisions based on 
what we ‘think’ is awesome rather than what is ‘truly’ awesome.” (Loranger, 2014). My 
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study is an attempt to bridge the gap between this internal assumption at the EFC and 
how users actually view the dashboard tool.  
For my usability study, I used the think aloud methodology which was originally 
laid out as a framework by Ericsson and Simon (1980), which forces participants to infer 
rather than remember their mental processes. The Nielsen Norman Group also advocates 
for think aloud testing, because they allow you to hear user misconceptions. Further, they 
allow you to learn why users guess incorrectly about certain interactions and why they 
find other aspects easy to use. (Nielsen, 2012).
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Methodology 
1.1.4 Initial Dashboard Design 
The first step in my project was designing Stormwater Dashboard and including 
data from 2018-2019. Data was collected and packaged into a format meant for Tableau 
by the Environmental Finance Center. To gather the data, the Environmental Finance 
Center sent out a survey to stormwater utilities in North Carolina, which is a process they 
complete annually. Additional data about program revenue was collected through the 
Local Government Commission (LGC). The dataset I used to create the dashboard 
included the following fields:  
 
● Fee structure label: the name of the program (in this case the municipality) 
● Type of utility: in this case, they were all municipalities 
● Population: the population of the service area 
● Population per square mile: the population normalized for service area 
● MHI: median household income for the service area 
● Revenue: the annual revenue that the program produces 
● Fee type: possible values are residential (the focus of this dashboard), 
nonresidential, and multi-family 
● ERU size: equivalent residential unit; a set number of square feet a utility 
determines from surveying properties in their customer base. (Nattress, 2017)
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• Fee structure type: the structure of the fees; possible values include uniform or 
tiered flat fees 
● Effective date: when the fees were created 
● Utility collection method: how customers are billed 
● NPDES phase: whether a municipality is Phase I or Phase II 
● Primary county: the county the program is in 
● HUC6 watershed: the watershed the program is in 
● Region: the region of the state the watershed is in 
● Impervious area: the amount of impervious area that the corresponding bill 
amount is based on 
● Bill amount: the dollar amount of the fee, based on the amount of impervious area 
● Latitude and longitude: the latitude and longitude of the utility, for mapping 
purposes 
● Population group: the broad grouping of the service area population for dashboard 
comparison purposes 
 
In the design process, I consulted with staff at the Environmental Finance Center 
for what they hoped to include in. I considered constructing the dashboard in D3.js or a 
visualization software other than Tableau, but identified Tableau as the best tool for the 
Environmental Finance Center. The EFC routinely has student employees who help 
update their dashboards. Creating the dashboard in an easy to use interface like Tableau 
has will ensure that it is easy to update in future years, especially since several other 
current staff members are comfortable with Tableau. 
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I wanted to ensure that the design was minimal and intuitive. I decided to limit the 
range of interactions available, hearkening back to Roth’s (2013) research that 
discourages an overwhelmingly large set of options for users. I wanted to provide users a 
way to select their program, compare to others in a group, and customize the amount of 
impervious area that calculations are based upon. I chose to display bar charts in the order 
of fee amount, which means that the revenue bars display in that order as well. This helps 
visually reveal whether or not the two are correlated. The map is interactive; if a user 
hovers over it, they see information for each program. Additionally, hovering over a bar 
highlights the data point on the map as well as the opposite chart. I included a table view 
for those who prefer simply to look at numbers. This also allows for easy comparison of a 
utility amongst the designated comparison group as well as across all utilities.  
In creating the dashboard in Tableau I linked the dataset, and created a number of 
worksheets that I ultimately fed into the dashboard. I also linked in three North Carolina 
geographic shapefiles; one for the counties, one for the watertersheds, and one for the 
regions. I used a number of manually created calculations throughout the dashboard, like 
those used to select utilities within a specific mile radius. I created actions on the 
dashboard that allow highlighting across different dashboard components. Ultimately, I 
hosted the dashboard on my Tableau Public account to use for the usability tests. Figure 1 
displays the complete dashboard design. 
 
 
 
 
 12 
Figure 1 
 
 
Dashboard design I created 
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Construction of the dashboard was based off of user needs that were understood 
to exist at the EFC. Similar to our Water and Wastewater Rates dashboard, the goal with 
the Stormwater dashboard is to display an aggregated source of all stormwater programs 
in North Carolina, how their programs are structured, and what their fees and annual 
revenues are. Staff at the Environmental Finance Center provided me with these basic 
user needs, which are further discussed in the section below. However, this study was the 
first instance of usability testing conducted for this tool, so that was used in the iterative 
design process to further clarify user wants and needs. 
1.1.5 Target User Population 
 The EFC’s Stormwater dashboard is primarily intended for use by staff at 
stormwater utilities around the state of North Carolina. It is intended to be a simple and 
intuitive tool that allows those individuals to have a better understanding of how their 
program is constructed versus others in various comparison groups. It provides a simple 
way to understand whether or not their fees are too high or too low, and how much 
revenue they bring in compared to others. They should be able to select their utility and 
evaluate their fees across different comparison groups and at different amounts of 
impervious land area, and see how they stack up. The tool was designed to have a simple 
and intuitive interface, with the understanding that not all users will be familiar with 
Tableau or other interactive visualization tools. Described below are two personas of the 
target user group. 
1.1.6 User Persona #1: Anne 
Age and Gender: Female, 43 
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Education: B.A. Political Science, M.P.A  
Occupation: Stormwater Administrator - Planning and Business 
Personality Traits: Anne is analytical and no-nonsense in her approach towards work. 
She is introverted and prizes organization and tidiness. She is altruistic, and wants to 
work towards making her community better. She’s a quick learner but also tends to stick 
to what she knows when it comes to tools and processes.  
Engagement with EFC Tools: Anne has attended several of the Environmental Finance 
Center’s trainings and webinars over the past several years. She has heard talk of their 
Water and Wastewater Rates dashboard, but has never used it herself. She knows that 
they are a trusted source, and has spoken with several of their student employees who 
have asked for fee information in the stormwater fee survey.  
Goals in the System: Anne would like a quick and easy tool to benchmark her program’s 
performance. She is not looking for advanced exploration or customizability in her 
comparison, but rather wants to know that her program is performing as well as or better 
than its peers. She values a smooth experience that is straightforward and intuitive.  
Technological Proficiency: Anne is not as technologically savvy as some of her 
coworkers. She works mostly in Excel and the Mircrosoft Office Suite, and those suit her 
just fine. She’d rather look at numbers in a spreadsheet than a confusing interface. 
Quote: “Show me the numbers.” 
1.1.7 User Persona #2: Tom 
Age and Gender: Male, 58 
Education: B.S. Environmental Engineering, B.A. Economics  
Occupation: Assistant Public Works Director, Stormwater and GIS Services 
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Personality Traits: Tom is a big ideas kind of person. He is outgoing, and has been 
known to inspire others with his joyous spirit and contagious optimism. He is a bit 
scattered, but never misses a deadline. His work is also his passion, and he’s committed 
to contributing good to the world.  
Engagement with EFC Tools: Tom is good friends with the director of the EFC, after 
many years of training attendance and collaboration on problem solving. He has worked 
with them on a number of projects, and is familiar with their website, programs, and 
tools.  
Goals in the System: Tom is interested in Tableau as a tool, and wants to be able to have 
a custom experience with the dashboard. He intends to use it in his own presentations, 
and use it as reinforcement of his advocacy for program improvements. He values the 
interactive aspect of the dashboard, and wants to see how his program compares across 
the different groupings. He hopes to draw inspiration from the way other successful 
programs are run. 
Technological Proficiency:Tom has experience with Tableau and is generally interested 
in data visualization. He uses Excel regularly, along with ArcGIS and Python. He is also 
interested in user experience design and advocates for accessible design. 
Quote: “Progress is impossible without change.” 
1.1.8 Participant Selection 
For my usability study, I worked specifically with utilities with stormwater 
programs in the state of North Carolina. There are currently around 80 utilities with such 
programs, and the Environmental Finance Center has a rapport with each of them, as we 
collect data from them annually. Utilities are the primary user group for the stormwater 
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dashboards, who use them to compare their financial health and current fee structures to 
others based on certain categories (for example, same watershed, size of utility, a certain 
radius, etc.). For the sake of consistency of my research methods and time constraints of a 
Master’s project, I worked with this primary user group and no secondary groups (which 
could include news outlets or researchers). 
Individual participants for the study were based on proximity to Chapel Hill and 
willingness to serve as testers. During a March 11th Stormwater Webinar hosted by the 
Environmental Finance Center, attendees were asked several poll questions, one of which 
was “would you be willing to serve as a beta tester for the new stormwater dashboard?” 
Along with answers to poll questions, names of attendees were collected as well as email 
addresses and roles at stormwater utilities. From the list of willing participants at 
stormwater utilities in North Carolina, I selected three participants to reach out to. I 
emailed them as a follow up to their webinar response with an invitation to participate in 
the study. All of the participants were quick to respond, which was likely influenced by 
the existing rapport with the Environmental Finance Center.  
 
1.1.9 Task Selection 
I selected tasks that essentially walked a user through evaluating their utility with 
the dashboard. Though many of the tasks could be considered as easy, they were fairly 
broad and open-ended in order to allow me to see if the dashboard design was conducive 
and intuitive for task completion. These map directly to the user needs discussed in the 
target user population and personas sections. The exact tasks are listed below:  
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Task 1: You want to select your utility. Please show me how you would do that. 
 
Task 2: You want to see how your fees compare with others within a 100 mile radius. 
Please show me how you would do that. 
● [sub-question] In the dropdown to select this radius, what options seem to be the 
most relevant and helpful? Are there any comparison groups that are 
unnecessary? 
 
Task 3: You want to evaluate your fees at 5,000 square feet of impervious area. Please 
show me how you would do that.  
 
Task 4: Given the parameters you have selected at this point, please tell me how your 
fees compare to others in this group. 
 
Task 5: Given the parameters you have selected at this point, please tell me how your 
revenue compares to others in this group. 
 
Task 6: Please explore the map feature of the dashboard. Please tell me what you learn by 
doing so. 
● [sub-question] How useful is this information? Is there any other data that you 
would like to see here? Is there anything that is unnecessary? 
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Task 7: Please navigate to the table layout of the data, and tell me about the information 
you find. 
● [sub-question] How useful is this information? Is there any other data that you 
would like to see here? Is there anything that is unnecessary? 
1.1.10 Think-aloud Protocol 
The participants were asked to complete each of the tasks above while talking 
through their thought process. This is a standard way of operation for usability tests, and 
helps give insights into why the participant conducts certain actions and where they 
become confused. By dictating their thoughts, they are also more primed to give feedback 
on their interactions with the interface. 
To administer the tests, I printed out each of the tasks and handed them to 
participants one at a time, as they were asked to complete them. The participants were 
asked to read each task out loud, which helped get them speaking and put them in the 
mindset of thinking out loud. As they read their tasks out loud and walked through their 
interactions with the dashboard, I took notes on their feedback, areas of confusion, and 
the way they navigated through the dashboard.  
1.1.11 Post questionnaire 
Immediately after completing the think aloud portion of the study, I asked the 
participants a series of open ended questions to get their broader feedback on the 
dashboard and its usefulness. The questions are as follows: 
 
1. Do you feel that the dashboard allows you to complete these tasks? 
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2. What would you like to change about the dashboard? 
3. Can you think of any other features that would make the dashboard more useful to 
you?
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Results 
To step through the results of the think-aloud usability test, I will list each task 
below with the combined feedback of the participants. I will also include images from the 
interface that relate to each of the questions, to give context into what the users were 
working with.  
1.1.12 Tasks 
Task 1: You want to select your utility. Please show me how you would do that. 
 
In this scenario, the participants were asked to select their utility for comparison. 
This function is available through the dropdown list with the label “Origin City.” All 
three of the participants easily navigated to the dropdown list to select their city. 
However, there were some interesting points of feedback at this step: one participant 
revealed that they are color blind, and they said the contrast of the text (being light grey) 
was a little difficult for them to read. Another participant expressed the wish to be able to 
type to search instead of having to scroll through all the different cities on the list.
 
 21 
 The most interesting point of feedback was the desire a participant had to be able 
to select multiple cities at the same time for comparison purposes. They wished to be able 
to select more than one, and essentially create a custom report through this. They 
provided a mock up of their idea, shown below:  
 
Task 2: You want to see how your fees compare with others within a 100 mile radius. 
Please show me how you would do that. 
 
 This task prompted users to look through the different comparison options that are 
provided in the dashboard. Completing this was not intuitive for two of the users, while 
the third did not have any trouble. The users who found this to be confusing scrolled up 
and down throughout the dashboard, unsure of where to click or navigate. One user 
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described how they would manually do the calculation of finding utilities within a 100 
mile radius, and had to be told that there was a way to do this within the dashboard. The 
user who easily navigated to this dropdown said they did so because it was the next 
logical step after first utilizing the origin city selector dropdown. Altogether, this 
indicates that the “Show Utilities:” naming is not effective for indicating what is within 
the dropdown. 
 When asked about how relevant the options in the list were, all three participants 
said that all of the options were useful. However, there were a few suggestions for 
additional grouping options: by corporate land area, by different credits, and by fee 
ranges. 
Task 3: You want to evaluate your fees at 5,000 square feet of impervious area. Please 
show me how you would do that.  
 
 
 
 Completing this task was simple and straightforward for all of the participants. 
Two of them specifically commented that they liked the ability to change the number by 
sliding the bar. One participant noted that the square footage jumps every thousand 
square feet, and commented that they’d like the jumps to be more incremental. 
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Task 4: Given the parameters you have selected at this point, please tell me how your 
fees compare to others in this group. 
 When asked to complete this task, each of the users explained what there rate was 
and how it compared to the median, which is the desired function of the chart. They noted 
their positions compared to the midpoint, and were pleased with the ability to compare in 
this way. There were comments about the design and content of this graph that provided 
interesting feedback. As far as content, one user expressed the wish to “drill down” more 
into the information. They were looking for more granular data about the fees. 
 Two of the users gave their thoughts regarding design of the chart. One of them 
expressed that they would like to see the data on the x-axis rather than the y-axis. They 
explained that they are used to seeing information on stormwater fees presented in charts 
designed that way, so that’s what they would expect to see on the dashboard. This 
feedback was interesting from a domain knowledge standpoint; I am less familiar with 
 24 
how stormwater fee data is typically presented than a stormwater expert would be. More 
design feedback came from the color blind participant; they said that the text was too 
faded for them and that they would like to see higher contrast in the bars. Discerning 
between the blue and orange bars was less obvious than it could be for them. This 
participant also pointed out that they were uncertain about what the size of the dots mean 
on the map, though they did like that there was a connection between the bar you hover 
over and the map. They appreciated the contrast of how the map becomes muted to 
emphasize the dot. An example of this interaction is shown below:  
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Task 5: Given the parameters you have selected at this point, please tell me how your 
revenue compares to others in this group. 
 This task was similar to task four, and the participants gave similar feedback. The 
fact that the bars for the fee and revenue charts are lined up with one another allowed for 
easy comparison, and sparked exploration as hoped. One user remarked: “how does 
Raleigh have a lower rate but pull in more revenue?” Questions like these are exactly 
what the dashboard is intended to prompt. 
 One participant remarked that they would like to see the information for revenue 
normalized by several different options. Examples they gave were: by population, per 
capita, per square mile, and by population density. 
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Task 6: Please explore the map feature of the dashboard. Please tell me what you learn 
by doing so. 
 
 Two of the users easily explored the map, while the third did not immediately 
realize that this was an interactive feature. All of the participants gave useful feedback for 
design and content of the map. They all appreciated the descriptive box that appears 
when hovering over a utility on the map. One participant commented that they would like 
to see the total population in addition to population density, along with corporate land 
area. Additionally, all of the participants questioned the relevance of having MHI 
information included, but ultimately decided that it was interesting to have included. One 
participant requested that null information appear as “n/a” instead of blank space. 
 One design choice that revealed itself as controversial was the fact that the map 
does not allow users to zoom in and out. Two participants explained that they wished the 
map let them zoom, and the participant who was confused by the map stated that they 
expected to zoom through scrolling. When this didn’t happen, they thought the map 
wasn’t interactive at all. The third participant preferred the map as static, however, 
because they thought introducing scrolling for zoom would be confusing since users also 
scroll up and down the page to view the dashboard.  
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 Task 7: Please navigate to the table layout of the data, and tell me about the information 
you find. 
 
 All of the participants easily navigated to the table view, and two of them 
appreciated having the information displayed in this manner. The other participant 
preferred the charts, and said that they would not currently find any use in the table. 
However, the other two found the medians to be useful, and liked having the data for the 
comparison group alongside data for all the utilities. One did note, though, that “All” is 
not clear enough of a label to indicate that the data represents all utilities in the dataset. 
One participant also said that they would be interested in total population and land area as 
additional data fields. They also requested data on how each program collects fees; 
whether that’s through taxes or through public utility bills. Last, the color blind 
participant requested darker font, but did note that the alternating color blocks for rows 
were useful in the design. 
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1.1.13 Post-Questionnaire  
1. Do you feel that the dashboard allows you to complete these tests? 
All of the participants confirmed that the dashboard was conducive for task 
completion. Additionally, all of the participants commented that they liked the sleek, 
minimal design of the dashboard. Simplicity and neatness helped show off the actual 
data. 
2. What would you change about the dashboard? 
The color blind participant requested more contrast in text color as well as in the 
blue/orange color choice. Aside from this, there were no requests to modify the existing 
design of the dashboard. Participants instead gave feedback on additional features they 
would like to see in the dashboard, which are described below in question three. 
3. Can you think of any other features that would make the dashboard more useful to 
you? 
Two of the participants gave feedback that they would like more qualitative 
information included in the dashboard. For instance, they would like to see program 
details of each stormwater utility, as each program is set up differently from one another. 
Interestingly, each of them noted that if this information were not widely available, a 
placeholder of a link to the program website would be useful. One participant requested 
an export button for the data; in this situation, they would like to download the data based 
on the parameters they had selected on the dashboard. Last, two of the participants 
reiterated that they would like the ability to select more than one city at a time for a more 
custom comparison experience.
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Discussion 
 The usability tests I conducted for this project brought to light a number of 
different insights for improving the dashboard and ensuring that it meets its primary 
users’ needs. Testing confirmed that the dashboard itself and the information it presents is 
valuable to stormwater utilities, which has been an assumption held at the Environmental 
Finance Center over the past several years. As the tests proved to be efficient and 
insightful, I plan to recommend similar testing as a routine practice for other 
Environmental Finance Center tools.  
1.1.14 Areas of Improvement 
 There are several areas where the dashboard could be improved, both in terms of 
design and content. As for design, feedback from the color blind participant provided a 
very valuable case for making changes to improve accessibility. Contrast should be 
increased to help make a clear distinction between the selected utility (currently shown in 
orange) and all other utilities (currently shown in blue). Text should be darkened to 
improve readability of labels. Additionally, the participant requested darker outlines for 
the circles on the map, which are currently difficult to distinguish from one another when 
clustered.  
Another design consideration is whether or not the map should have zoom 
functionality. This could potentially give users more control over their experience, and 
help them to better navigate the map when utilities are densely clustered. 
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However, it could add user experience issues in terms of scroll; when scrolling is used to 
both navigate the dashboard and to zoom, it can become confusing and cumbersome.  
Last, labeling should be improved for clarity. Particularly with the “Show 
Utilities:” dropdown, which did not indicate to participants that it contained comparison 
options. The “All” label in the table view should also be clarified, and a legend should be 
added on the map that explains dot sizing. This will help users understand what the 
dashboard more easily at a glance, without having to manipulate the dashboard or extend 
menus to understand the intended functionality. Overall, better labeling will help make 
the tool more intuitive.  
 In terms of dashboard content, the addition of more qualitative information is 
most pressing. Participants expressed an interest in more context for each of the 
stormwater programs, and a desire to drill down for more specific information. This 
would require additional data collection and management. However, it would help users 
compare programs in a qualitative way rather than just based on fees and revenue. As 
mentioned earlier in the paper, stormwater programs are unique because they are all 
constructed differently from one another. The primary user group of the dashboard is 
interested in how their cohort operates and how they compare. Stormwater fees do not get 
allocated to one particular service, as with water and wastewater. This context is 
important, and should be included. 
Another highly requested feature was the ability to select multiple cities at the 
same time, which would require a restructuring of the way the dashboard is assembled in 
Tableau. This flexibility would give users a more customizable experience. There are 
currently ways to compare programs by certain criteria (within 100 miles, within the 
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same county, etc.). However, if a user wanted to specifically see how they stack up to 
their own custom grouping, allowing them to pick multiple utilities would empower them 
to do so. Additional quantitative information should be considered as well, such as total 
population and land area. These would help add context for comparison. A use case of 
this is Raleigh; they have a very high revenue amount every year compared to a majority 
of the state, and this is in large part due to how much impervious area there is in the 
district. It would help put their high revenue into better perspective if users could see the 
land area of the district and how much of it is impervious. Adding total population 
instead of only population density would help in a similar way; the more people there are 
to collect fees from, the more revenue will be generated. 
 Below is a consolidated and detailed list of the areas of improvement for the 
dashboard: 
Design 
● Increase contrast for better accessibility  
● Improve clarity of labeling 
● Consider a zoom feature for the map 
Content 
● Allow users to select more than one program for comparison 
● Add qualitative information (program structure; billing structure; links to program 
website) for more context about each program  
● Add quantitative information (total population and land area) for more insightful 
analysis
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Conclusion 
 I created a new Stormwater Fee dashboard for the Environmental Finance Center 
at UNC, an organization which has had multiple different designs implemented for the 
dashboard over the past few years. I made changes based on internal requests, and 
conducted a usability study of the new design with members of the primary user group, 
which is individuals at North Carolina stormwater utilities. Based on willingness to serve 
as a tester for the dashboard in a webinar conducted by the Environmental Finance 
Center, I selected three individuals to participate in my study. 
 I identified seven tasks for participants to complete which were intended to step 
them through the process of analyzing their stormwater program through the dashboard. I 
utilized a think aloud protocol throughout the tests, which meant that the participants 
explained their thought process while interacting with the dashboard. After completing 
the tasks, I asked the participants three questions to collect general feedback on the 
dashboard and how useful it is for their needs.  
 After synthesizing the data, I came up with a list of improvements for the 
dashboard. Some of the areas of improvement I have recommended are easily 
implementable, and others will require additional data collection through the 
Environmental Finance Center’s annual survey. 
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Each of the insights garnered through this study will help establish a robust and 
useful design for the Stormwater Fee dashboard, and the study itself will help set a 
standard of usability testing for similar tools that the organization creates.
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